Background and Purpose: Prior to thrombectomy for proximal anterior circulation large vessel occlusion (LVO) stroke, recent trials have utilized CT angiography (CTA) for vascular imaging immediately following noncontrast CT (NCCT) for decision-making, but thin-section NCCT with automated maximum intensity projection (MIP) reconstruction also has high accuracy in demonstrating the site of an occluding thrombus. We hypothesized that performing thinsection NCCT with MIP alone prior to thrombectomy improves the time to groin puncture (GP) compared to performing CTA after NCCT. Materials and Methods: We performed a retrospective cohort study of anterior circulation LVO thrombectomy at our tertiary care academic medical center. All stroke patients evaluated with thin-section NCCT (0.625 mm) with automated MIP reconstructions alone and those who had additional CTA were included. We excluded transfer patients, in-hospital strokes, posterior circulation strokes, and patients that were evaluated with stroke imaging other than NCCT or CTA prior to thrombectomy. The study groups were compared for duration from NCCT to GP and total stroke imaging duration. Results: From March 2008 through August 2015, 34 thrombectomy patients met the inclusion/ exclusion criteria -13 in the NCCT and 20 in the NCCT+CTA group. The total stroke imaging duration was shorter in the NCCT group than in the NCCT+CTA group (2 min [1-6] vs. 28 min ; p < 0.001). The NCCT-only group had a shorter time from NCCT to GP (68 min vs. 104 min ; p = 0.030). Conclusion: Avoiding advanced imaging for patients with anterior circulation LVO in whom thin-section NCCT with MIPs reveals a hyperdense sign significantly shortens the imaging-to-GP time.
Introduction
Stroke is one of the leading causes of morbidity and mortality in the USA [1] . Recent studies have shown that acute ischemic stroke patients with anterior circulation large vessel occlusion (LVO) undergoing mechanical thrombectomy have significant improvement in functional outcome compared to those treated with tissue plasminogen activator (tPA) alone [2] . The time to endovascular recanalization also has a significant effect on clinical outcome [3] . These studies utilized CT angiography (CTA) and/or other stroke imaging modalities immediately following noncontrast CT (NCCT) to confirm LVO [4, 5] . However, multiple imaging modalities may delay the time to groin puncture (GP) compared to NCCT alone. Many institutions, including our tertiary academic medical center, utilize CTA to confirm LVO in the stroke care protocol. But CTA is not often performed immediately after NCCT. There are many factors prior to CTA acquisition -including large bore intravenous line insertion -that can potentially delay advanced imaging and, ultimately, the time to GP. For patients with difficult intravenous access, an experienced personnel with an ultrasound guide may require up to 10 min or more to achieve intravenous access [6] . The maximum intensity projections (MIPs) of thin-slice NCCT further improve the sensitivity and accuracy of identifying acute thrombi of LVO in the anterior circulation by detecting "hyperdense signs" reliably, and CTA confirmation may not be necessary in selected cases [7] . We hypothesized that thin-section NCCT alone improves the time to GP when compared to CTA after NCCT.
Methods
We performed a retrospective cohort study of a prospectively collected database of ischemic stroke patients receiving mechanical thrombectomy at our tertiary care academic medical center. This study received approval from our institutional review board. The inclusion criteria covered patients with any anterior circulation occlusion receiving mechanical thrombectomy of any type and NCCT with thin sections (0.625-mm slices) and software-automated MIP. Figure 1 shows a thrombus seen on CTA compared to NCCT with MIP reconstruction. The exclusion criteria filtered out patients transferred from other facilities, in-hospital stroke patients, posterior circulation stroke patients, or those having undergone stroke imaging other than NCCT or CTA prior to thrombectomy.
We evaluated the patient demographics including age at diagnosis, gender, medical comorbidities (hypertension, diabetes mellitus, hyperlipidemia, and atrial fibrillation), and smoking history within the past 2 years.
The patients were divided into 2 groups based on the stroke imaging results obtained prior to thrombectomy, i.e., an NCCT-only group and an NCCT+CTA group. Per our institutional protocol, patients were immediately transported to NCCT on ER arrival. All stroke NCCTs included were thin-section NCCTs (0.625-mm slices) with software-automated MIP reconstructions available within 2 min of CT completion. The neuroradiologist on call evaluated the stroke NCCT and CTA images. When "hyperdense signs" were seen on the thin-section MIPs, the stroke team could forgo CTA and bring the patient directly to angiography in order to prevent treatment delay. A stroke care team initiated intravenous access and blood draw at the CT suite immediately after completion of the NCCT. In cases meeting the criteria for intravenous thrombolysis, tPA was given immediately after NCCT.
We evaluated the time periods from last known well to NCCT, from NCCT to GP, the total imaging duration prior to GP, and from last known well to GP. The percentage of patients treated with IV tPA and with a stent retriever was evaluated. The clinical outcomes assessed included admission/discharge National Institutes of Health Stroke Scale (NIHSS) score, discharge modified Rankin Scale (mRS) score, and reperfusion with TICI 2b/3 flow.
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS version 22; IBM Corporation, Armonk, NY, USA). Group comparisons were made with the t test and the χ 2 test as appropriate. Statistical significance was determined as a p value <0.05.
Results
From March 2008 through August 2015, 34 thrombectomy patients met the inclusion criteria: 14 in the NCCT group and 20 in the NCCT+CTA group.
Univariate analysis of the demographics, medical history, occlusion site, IV tPA usage, stent retriever usage, and clinical outcomes is shown in Table 1 . M1 segment occlusion was noted in 53.8% of the NCCT group and in 55% of the NCCT+CTA group. A "hyperdense sign" was accurately detected in 85% of the NCCT+CTA group. IV tPA was given to 100% of the NCCT group and 55% of the NCCT+CTA group. There was no significant difference in usage of a stent retriever or successful reperfusion.
The time delay comparison between the 2 groups is shown in Table 2 . We found a significantly shorter delay for NCCT to GP (median 68 min [32-99] vs. 104 min [79-128]; p = 0.030). There also was a significantly shorter total stroke imaging duration in the NCCT group (median 2 min [1] [2] [3] [4] [5] [6] vs. 28 min [23-65]; p < 0.001). There was no significant difference between the groups in delay from last known well to imaging initiation. There was also no significant difference in duration from GP to thrombectomy device deployment between the 2 groups.
Regarding clinical outcomes, there was no significant different in mRS and NIHSS scores on discharge, as shown in Table 1 . 
Discussion
In our study, we found that avoiding advanced vascular imaging (CTA) in patients in whom NCCT with MIP images demonstrates the site of occlusion significantly shortens the door-to-puncture time. This improvement in time was approximately 30 min in our patient cohort. Shortening the time to reperfusion is associated with improved functional outcome, and the time span could be improved by optimization of the time delay prior to GP [3] . Performing CTA after NCCT prior to thrombectomy to confirm LVO is widely done in many institutions, based on the protocol used in a recently published large clinical trial for anterior circulation stroke thrombectomy [8] . In these studies, CTA is performed immediately, without interruption, after NCCT, in most cases minimizing the delay. However, in the setting of many stroke centers -including our institution, which is a large referral center for mechanical thrombectomy -in selected cases performing CTA after NCCT may potentially be delayed by many factors including difficult intravenous access or the requirement of stroke team decision-making prior to obtaining CTA. These factors may have contributed to the delay seen in our study.
Thin-slice NCCT with MIP reconstruction is a technique of NCCT imaging that shows a higher probability of detecting LVO than does routine 5-mm-slice NCCT, and it may allow one to forgo CTA to shorten delays to GP [7] . In our study, the "hyperdense sign" in thin-slice MIP reconstructions was observed in 85.3% of the cases. In the patients excluded from our analysis, standard 5-mm-slice NCCT showed a 28.6% detection rate. In our NCCT+CTA group, 17 patients (85%) had a hyperdense cerebral vessel detected. This implies that most patients could have bypassed CTA if needed and gone directly to angiography for thrombectomy, minimizing the delay, especially in the case of an inevitable delay due to difficulty in gaining intravenous access.
CTA has many advantages over NCCT, including a higher sensitivity for detecting LVO, visualization of carotid vessels, and the tortuosity of the aortic arch as part of stroke workup and thrombectomy planning, especially for choosing the appropriate approach to vascular access in the case of a difficult vascular anatomy (including femoral artery or radial artery access) [9] . However, in the hyperacute period of LVO stroke, the time to GP should be minimized.
Given our findings, we propose that all NCCT scans should be performed with MIP reconstruction. The treating physician may forgo CTA in the setting of a positive "hyperdense sign" on NCCT with MIP reconstruction, especially in the setting of an inevitable delay in obtaining CTA. Performing MIP reconstruction is a default and automated process for all acute stroke cases at our institution. No extra step is required once the acute stroke protocol CT has been chosen, and conventional NCCT images and MIPs become available less than 2 min after scanning. In the absence of a hyperdense sign on NCCT with MIP reconstruction, CTA should be performed without delay. This protocol could in selected cases reduce an unnecessary delay when there already is a foreseeable delay to obtaining CTA.
Although a significant reduction in time was seen in the NCCT-only group, there was no significant difference in mRS or NIHSS scores on discharge. However, our study samples were small and likely not powered to see significant differences. Larger samples are needed to further assess clinical outcomes.
The limitations of our study include its retrospective nature, the small sample size, and usage of a single-institution database which may not be generalizable. The small sample size was due to low rates of thrombectomy without CTA and the exclusion criteria of transfer/ in-house strokes. A larger prospective trial is needed to further confirm our findings.
Conclusion
Avoiding advanced imaging in patients with anterior circulation LVO in whom thinsection NCCT with MIPs reveals a hyperdense sign significantly shortens the imaging-to-GP time.
Disclosure Statement
The authors have no conflicts of interest to disclose.
